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ABSTRACT AND BIOGRAPHY

Lessons in Systems Engineering — The SSME Weight Growth History

Requirements, Technology Capability and Design Must Balance Early in Development
Cycle. Pump-fed liquid engines are one of the most complex and challenging
subsystems on the entire launch vehicle and present many systems engineering
challenges. Pump-fed liquid engine design requires many of the same design functions
and analysis disciplines that the vehicle design uses, but liquid rocket engines have
much higher power densities than more conventional transportation system engines.
This creates extreme environments and stretches the limits of design and analysis
capabilities. There is a strong tendency to view systems engineering as the processes
that bring the designed parts together (integration) rather than creating “Integrated
Designs.” This is based on the assumption that you can break the system apart
assuming linearity and handle everything by defining pertinent requirements, defining
and managing interfaces, design data flow, and then designing the parts. When the
system is put back together it will perform ok. This is a false assumption because there
are many nonlinear interactions in a complex “system” causing the parts to perform
different together than apart. It also assumes design development is serial and not
iterative in nature. The SSME weight growth is a good example of how systems
engineering can go wrong with this assumption rather than creating a balanced
integrated systems design.
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